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Abstract 
Because coining dies are consumables, most of mints have adopted the hard surface coating on coining dies in order to increase 
the wear resistance of them. Even though coining dies for “proof coins” are coated by Cr-plating, they have especially short life 
time. Instead of Cr-plating, we tried to apply Diamond-Like Carbon (DLC) film for proof coins. In order to examine the effect of 
the DLC films, proof coins were actually produced with the DLC coated dies. In consequence, the die life using DLC coating is 
estimated to be more than twice as long as that for Cr-plating. 
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1. Introduction 
Because coining dies are consumables, most of mints have adopted the hard surface coating on coining dies in 
order to increase the wear resistance of them.  In addition to circulation coins, Japan Mint produces “proof coins”, 
which have brilliant surface and frosted relieves made with special technics for collectors (Fig. 1).  Even though 
coining dies for “proof coins” are coated by Cr-plating, they have especially short life time. 
Instead of Cr-plating, we tried to apply Diamond-Like Carbon (DLC) film for proof coins. Because the DLC film 
is twice as hard as Cr-plating and its friction coefficient is very low, it has high abrasion resistance. The DLC film 
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also has a very smooth surface, so the film does not significantly scratch other material in contact with it.  In the 
present circumstances, the film is mainly used under restricted circumstances of low surface pressure.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. Coining die for proof coins. 
2. Experimental methodology and the results 
2.1. Formation of the DLC film 
The mirror-finished surfaces of coinage dies were coated with DLC films including Cr (chrome) and WC 
(tungsten carbide) interlayers using the unbalanced magnetron sputtering method. Fig. 2 shows an Amorphous 
Classification Figure of diamond, graphite and hydrogen.  This figure shows the structure of DLC in terms of 
diamond bonding (SP3), graphite bonding (SP2), and the hydrogen content.  The elliptical areas in Fig.1 are the 
areas of the so-called DLC.  
In this research, to absorb coining impacts, the DLC film contains 30% hydrogen and the ratio of diamond 
bonding (SP3) is about 35%.  The area (30% H, 35% SP3) corresponds to the white circle in Fig. 1.  The film is 
relatively soft compared to other DLC films and has a hardness of 1500 HV. 
a-C: amorphous carbon 
ta-C: tetrahedral amorphous carbon 
a-C:H: hydrogenated amorphous carbon 
ta-C:H: hydrogenated ta-C 
 
 
Fig. 2.  Amorphous classification figure.                                           Fig. 3. SEM microphotograph of DLC film cross-section. 
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Though these films can withstand shocks, the films will separate from the base metal in the case of low adhesion 
between the base metal and the film.  Therefore, in relation to interface stress between the base metal and the film, 
the film was thinly set at a thickness of about 0.7 μm.  In order to strengthen the adhesion between the base metal 
and the film, a Cr (chrome) and WC (tungsten carbide) interlayer (about 0.3 μm thick) was formed between them.  
The interlayer gradually became harder from the point of contact with the base metal.  This film structure prevents 
the formation of another interface or stress concentration.  Fig. 3 shows an SEM micrograph of a DLC film cross-
section; it indicates that the film is clean and fine and that there is no extraordinary interface or layer. 
The DLC films researched in this report were produced by using “UBMS 504 type-Unbalanced Magnetron 
Spattering equipment” (Kobe Steel, Ltd.) and the film structure including a Cr and WC interlayer is protected by the 
patent of  Kobe Steel, Ltd. and Denso Corporation. 
2.2. Adhesion degree (Scratch test)  
The adhesion degree was evaluated by a scratch test, which is often used for adhesion measurement of hard films.  
In the scratch test, the 0.7μm-thick film was scratched by a diamond indenter, which has a triangular pyramid-
shaped-tip.  The load was gradually increased from 0.9 N to 100 N and the moving speed was 8 mm per minute. 
Fig. 4 shows the DLC film scratch test results, comparing two kinds of DLC layers.  Fig. 4a) shows DLC film 
directly coated on the dies, while Fig. 4b) shows DLC film including a Cr (chrome) and WC (tungsten carbide) 
interlayer on the dies.  The graphs indicate film damage, examined by sound change according to the AE (acoustic 
emission) analysis.  The graphs also show the friction coefficient and friction force measured using the scratch test.  
The film separates from the dies when the load exceeds a critical load.  The critical load is measured when the 
friction coefficient changes from that between the diamond indenter and the DLC film to that between the diamond 
indenter and the die. 
    According to the results, in the case of the DLC film directly coated on dies (a), because the amplitude of AE was 
great and the adhesion degree was not stable, delamination fracturing happened at 47 N.  In the case of DLC film 
including a Cr and WC interlayer on dies (b), because the amplitude of AE was stable and the critical load expanded 
to 74 N, the Cr and WC interlayer was able to improve the adhesion degree. 
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(a) DLC film scratch test results (DLC layer directly on die) 
 
 
 
(b)  DLC film scratch test results (WC and Cr layer under DLC)  
Fig. 4.  DLC film scratch test results 
2.3. Coining test 
In order to examine the effect of the DLC films, proof coins were actually produced with the DLC coated dies.  
The proof coins were stamped twice to achieve deep and brilliant relief patterns.  One out of every six pieces, die 
surfaces were wiped, with a cloth dampened with alcohol containing chromic oxide powder. 
For comparison, coining was also conducted with Cr-plating dies. When a marked difference on the surface was 
confirmed during continuous coining, the coining was stopped and the coin’s surface condition was examined. 
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Fig. 5.  Cr plated die surface after 600pieces                                 Fig. 6.  DLC coated die surface after 750 shots 
Fig. 5 shows a 10 yen coin surface after 600pieces, pressed by Cr-plated dies.  10 yen coins require comparably 
high coining pressure of 1.7 GPa.  According to Fig. 5, slight scratches were confirmed along the outer part of the 
coin.  At this stage, these scratches did not have an adverse effect on the coin’s surface quality, but as the number of 
stamps increased, these scratches would lead to considerable surface roughness, which could cause breakage failure 
of dies. 
Fig. 6 shows a 10 yen coin surface after 750pieces, pressed with DLC coated dies.  The surface condition shows 
the DLC film did not separate from the dies and there was no wear and tear.  The coin surface maintained its 
brilliant surface condition. 
 
Fig. 7. Surface roughness of DLC films and Cr-plating before and after coining 
Fig. 7 shows the surface roughness of DLC films and Cr-plating before and after coining.  Surface roughness was 
measured by an ultra-deep microscope, involving noncontact measurement by laser.  It was evaluated in Rz, the 
average roughness of 10 spots (220×300 μm).  According to Fig. 7, in the case of unused dies, DLC coated dies 
showed a slightly higher value of Rz, but the value lay within proof coin quality.  On the other hand, after more than 
1000 stamps, the roughness of the DLC coated dies was about half that of the Cr-plated dies.  Therefore, we can 
determine that in the case of DLC coated dies, surface roughness remains smaller than with Cr-plated dies. 
 
3. Conclusion 
On the basis of the discussion results, it is concluded that: 
(1) The die life of proof coins can be extended by DLC coating on coinage dies. 
(2) By forming a Cr (chrome) and WC (tungsten carbide) interlayer between the base metal and the DLC film, the 
adhesion degree between them is enhanced.  The film does not separate from the die under an impact of 1.7 GPa. 
(3) In the case of using DLC coated dies, a 10 yen coin after 750 pieces does not develop a significantly rough 
surface.  The coin surface using DLC coated dies maintains a more brilliant surface condition, compared with 
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one using Cr-plated dies.  The die life using DLC coating is estimated to be more than twice as long as that for 
Cr-plating. 
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